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2 (5*7) Abstract: A signal transmission apparatus and method for a mobile communication system are disclosed. Beamforming is 
performed on each symbol using the correlation as well as the independence between antennas, and then the beamformed symbols 
are transmitted. Thus, both the correlation between antennas and the independence between antennas are all considered, so that the 
^ gain according to the correlation between antennas can be also obtained. In addition, the additional gain would lead to enhancement 
^ of the symbol detection capability of the sending end, so that performance of the MIMO system can be remarkably heightened. 



wo 03/081803 



PCT/KR03/00556 



1 

APPARATUS AND METHOD FOR TRANSMITTING SIGNAL IN MOBILE 

COMMUNICATION SYSTEM 

TECHNICAL FIELD 

The present invention relates to a mobile communication system and, 
more partlculariy, to a signal transmission method and apparatus for a mobile 
communication system using multiple antennas. 

BACKGROUND ART 

Recently, with the rapid growth in the radio mobile communication 
markets, diverse multimedia services are in a great demand in the radio 
environment, and especially, as a transmit data is growingly increased and a 
data transmission speed becomes fast Therefore, finding a way to efficiently 
use a limited frequency is the most critical task. In an effort to cope with the 
subject, a fresh transmission technique using multiple antennas is required for 
use, and one example of which is a multiple input multiple output (MIMO) 
system using the multiple antenna. 

Figure 1 illustrates one example of a general mobile communication 
system adopting a MIMO system. 

As shown in Figure 1, a conventional MIMO system includes: a plurality 
of transmit antennas 12, a vector encoder 10 for transmitting sequentially 
generated transmit data (symbols) to each transmit antenna 12; a plurality of 
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receive antennas 14; and a V-BLAST signal processor 16 for processing data 
received through the receive antennas 14 in a V-BLAST (Vertical-Bell Labs 
Layered Space Time Architecture) method, and estimating and demodulating a 
transmit data. 

5 The vector encoder 10 converts the sequentially generated transmit 

data in a serial-to-parallel method and transmits them to each transmit antenna 
12. 

The V-BLAST METHOD is a sort of a transmission technique of a 
MIMO mobile communication system using multiple antennas, for which M 
10 number of transmit antennas 12 and N number of receive antennas 14 are used. 
Figure 1 shows the case of using 4 transmit antennas 12, but without being 
limited thereto, two or more antennas can be set arbitrarily. 

The signal processing operation of the general MIMO mobile 
communication system constructed as described above will now be explained. 
15 Without perfomiing a certain signal processing for enhancing a 

transmission quality on the transmit data, the vector encoder 10 simply 
processes the transmit data a1-a4 in parallel and transmits them to each 
antenna 12. Then, each transmit antenna 12 transmits each different transmit 
data in the air, 

20 Data received through each receive antenna 14 is inputted to the V- 

BLAST signal processor 16, and the V-BLAST signal processor 16 performs a 
signal processing suitably, that is, in a V-BLAST method, and detects the 
transmit data a1-a4. 
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The operation of the V-BLAST signal processor 16 will now be 
described in detail. 

When the transmit antenna 12 of the transmit antenna array transmit a 
different transmit data (transmit symbol) to each other, the V-BLAST signal 
processor 16 receives the reception signals from each receive antenna 14 of 
the receive antenna array and constructs a reception data vector (receive 
vector). Subsequently, the V-BLAST signal processor 16 detects a transmission 
signal by using the receive vector. 

In this respect, while the V-BLAST signal processor 16 detects the 
transmit symbol a specific transmit antenna has transmitted, It regards transmit 
symbols other transmit antennas 12 have transmitted as an Interference signal. 

Thus, the V-BLAST signal processor 16 calculates a weight vector of 
each receive antenna 14 for each symbol transmitted from each transmit 
antenna 12 and simultaneously subtracts the first detected symbol component 
from the receive vector, thereby estimating each symbol while minimizing 
influence of each symbol. 

Figure 2 is a flow chart of a method for estimating the transmit symbol 
by the V-BLAST signal processor 16. 

First, the V-BLAST signal processor 16 constructs the signals received 
through each receive antenna 14 as receive vectors (step S11). 

For example, in case of a MIMO mobile communication system having 
M number of transmit antennas 12 and N number of receive antennas 14, 
assuming that a signal vector (transmit vector) transmitted through the M 
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number of transmit antennas 12 is 'a* and a matrix of a mobile communication 
channel (channel matrix) through which the transmit vector is transmitted is 'H', 
the receive vector (R) can be expressed by the following equation (1): 
R = Hxa + v (1) 

5 At this time, since the signals transmitted from the M number of transmit 

antennas 12 are received through the N number of receive antennas 16 through 
a different path, the channel matrix (H) can be expressed by N x iVI matrix. The 
channel matrix (H) is obtained through estimation by the V-BI-AST signal 
processor 18. V in equation (1) is a Gaussian noise, Since the noise is induced 

10 to each receive antenna 14. V is N x 1 vector. 

Consequently, the signals transmitted through the IVI number of transmit 
antennas 12 pass through a different communication channel (hij), and the V- 
BLAST signal processor 16 receives the signals through the N number of 
receive antennas 14. 

15 Upon receiving them, the V-BLAST signal processor 16 calculates each 

weight vector of the signals, and estimates symbols transmitted from each 
transmit antenna 12 by using the calculated weight vector and the receive 
vector 

First, a method for calculating the weight vector will now be described. 
20 In order to a receiving end to detect the symbols transmitted from the M 

number of transmit antennas 12, signals received by the N number of receive 
antennas are inner-producted by a weight vector which is defined as *w\ Since 
different symbols are transmitted through the M number of transmit antennas 12, 
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the M number of weight vectors are required for the V-BLAST signal processor 
18 to detect the transmit symbols. At this time, the weight vector (w) should 
satisfy the following quality. 



5 wherein 'Hj indicates a vector in the jth column of the channel matrix (H) which 

can be estimated by the V-BLAST signal processor 18. 

In equation (2), the weight vector (wi), which should be lnner*producted 

to a corresponding receive vector so as for the ith transmit antenna to detect a 

symbol transmitted from the antenna, has a property that it is 'V only when 
10 inner-producted to the ith column vector of the channel matrix (H) and *0' when 

inner-producted to the other remaining column vectors of the channel matrix (H). 
That is, in the case of the weight vector (wi) for detecting the ith transmit 

symbol, influence of symbols transmitted through other transmit antennas 

should be removed. 

15 In addition, the transmit symbols are sequentially detected, and when 

the weight vector to be used for detecting a current symbol is obtained, since 
any influence of the previously detected symbols should be excluded, the 
expression 'j>r is used in equation (2). 



20 obtained as follows: To begin with, the receive vector of equation (1) can be 
expressed by the following equation (3): 




Thus, the weight vector satisfying the quality of equation (2) can be 



R = aiHi + a2H2 + ... + aMHM 



(3) 
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In general, symbols transmitted from each transmit antenna 12 are 
received by the receiving end through each different channel, and equation (3) 
expresses the receive vector with the received symbols as a shape of a linear 
sum. 

As noted in equation (3). when the first transmit symbol is detected, it is ' 
preferred that influence of second to Mth symbols is removed and the weight 
vector is then inner-producted to the receive vector. The same principle can be 
applied to the case of detecting other transmit symbols. 

When a specific transmit symbol is detected, in order for a 
corresponding weight vector not to be influenced from other transmit symbols, 
the V-BLAST signal processor 16 updates the weight vector for every transmit 
symbol to be detected and uses It. 

Once the receive vector (R) is constructed and the channel matrix (H) is 
estimated, the V-BI-AST signal processor 16 starts updating a weight vector in 
order to obtain a weight vector for each transmit symbol to be detected. 

For this purpose, as noted in the below equation (4), the V-BLAST 
signal processor 16 obtains a moore-penrose pseudoinverse matrix (H^ or Gi) 
for the estimated channel matrix (H) (step S13). 

Gl = H+ (4) 

After obtaining the Moore-Penrose pseudoinverse matrix, the V-BLAST 
signal processor 16 selects a row vector with the smallest vector norni value 
from row vectors of a Gl matrix, as a weight vector (step SI 5). 

For instance, on the assumption that the selected row vector is the Kth 
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row vector, the Kth line of the G1 matrix is selected as a weight vector (Wk) for 
detecting the Kth transmit symbol. 

After the weight vector (wk) is selected, the V-BLAST signal processor 
16 Inner-products the receive vector (r) and the weight vector (wk) to estimate a 
5 symbol transmitted from the Kth transmit antenna (step S1 7). ^ 
The receiving end, that is, the V-BLAST signal processor 16, is well 
aware of a modulation method (I.e., QPSK, QAM, etc.) used in a sending end of 
the MIMO mobile communication system. Thus, as the V-BLAST signal 
processor 18 is able to recognize which constellation the estimated symbol 
10 belongs to, it determines the estimated symbol as a transmit symbol (ak) 
transmitted form the Kth transmit antenna. 

The V-BLAST signal processor 18 checks whether the M number of 
transmit symbols transmitted from the M number of transmit antennas 12 have 
been all detected (step S21). If there still remains transmit symbols to be 
15 detected, the V-BLAST signal processor 18 perfonms a procedure for updating 
the weight vector in order to detect the remaining transmit symbols. 

First, when Kth symbol (ak) is detected, as shown in the below equation 
(5), the V-BLAST signal processor 18 removes influence of the Kth symbol 
(bkHk) from the receive vector (r) of equation (3) to obtain a receive vector (ra) 
20 to be used for the second updating (step S23). 
r2 = r-aKHK (5) 

After the receive vector (ri) Is obtained, the V-BALST signal processor 
18 estimates a channel matrix (Ha) to be used to obtain G2, that is, the second 
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weight vector (step S25). Namely, the V-BLAST signal processor 16 deletes the 
column vector (Kth column) con-esponding to the detected transmit symbol (ak) 
from the previous channel matrix (H) and estimates a new channel matrix (Hz). 
Subsequently, advancing to the step (S13). the V-BLAST signal 
5 processor 16 calculates the Moore-Penrose pseudoinverse matrix of the 
estimated channel matrix (H2) as shown in the below equation (6): 

+ 

G2= H— (6) 

^ K 

The V-BLAST signal processor 18 selects a row vector with the 
smallest vector nonnn from row vectors of the G2 matrix, as a weight vector (step 
10 S15). For instance, assumption that the selected row vector is the Vth row 
vector, the Vth line of the G2 matrix is used as a weight vector (wv) for detecting 
the Vth transmit symbol. 

After the weight vector (wv) is selected, the V-BLAST signal processor 
16 inner-products the receive vector (ra) and the weight vector (wy) to estimate 
15 a symbol transmitted from the Vth transmit antenna (step S1 7). 

As stated above, the V-BLAST signal processor 18 is already aware of 
the digital modulation method used in the sending end of the l\4IM0 mobile 
communication system, it can judge which constellation the estimated symbol 
belongs to, based on which the V-BLAST signal processor detects a symbol 
20 (av) transmitted from the Vth transmit antenna, (step S 1 9). 

Thereafter, the V-BLAST signal processor 18 checks whether the M 
number of transmit symbols transmitted from the M number of transmit 
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antennas 12 have been all detected (step S21). If not all transmit symbols have 
been detected, the operations after the steps S23 and S25 are repeatedly 
performed. If all the transmit symbols have been detected, the steps are 
tenminated. 

5 As stated above, in the general MIMO mobile communication system, 

the transmit symbol is simply converted serial-to-parallel without being 
subjected to an additional signal processing, and then transmitted through the 
transmit antennas. Then, the receiving end sequentially detects the transmit 
data each transmit antenna has transmitted. At this time, the symbols 

10 transmitted independently from each transmit antenna should maintain their 
independence while passing through the mobile communication channel. 

However, practically, since transmit antennas of a transmit antenna 
array are correlated to a degree and so do the receive antennas, the 
independence of the signals transmitted from each transmit antenna may not be 

15 guaranteed in some situation. 

In addition, as for the mobile communication channel, an independent 
channel should be guaranteed between each transmit antenna and each 
receive antenna. But, in some cases, actually, independent channels as many 
as the transmit antennas are not guaranteed. Especially, in case of a system 

20 using only the independence between antennas, the greater the correlation 
between antennas, the. more a signal gain is degraded. Thus, in such a case, a 
method of using the conrelation of the antennas should be also considered. 

However, in the conventional art, the symbols are transmitted simply in 
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consideration of only the independence signal transmission between antennas 

The above references are incorporated by reference herein where 
appropriate for appropriate teachings of additional or alternative details, 
features and/or technical background. 

DISCLOSURE OF THE INVENTION 



Therefore, an object of the present invention is to provide a signal 
transnnlsslon method and apparatus for a mobile communication system using 
10 an independence and a correlation between antennas 

Another object of the present invention is to provide a signal 
transmission method that Is capable of enhancing a symbol detecting capability 
of a receiving end in a mobile communication system. 

Still another object of the present invention is to provide a signal 
15 transmission method in which beamfonming is perfomned on each symbol and 
the beamformed symbol is assigned to a transmit antenna. 

To achieve at least the above objects in whole or in parts, there is 
provided a signal transmission method for a mobile communication system 
using multiple antennas, including the steps of: demultiplexing a symbol to be 
20 transmitted; performing a beamforming on each demultiplexed symbol; and 
transmitting the beamformed signal through each transmit antenna. 

In the signal transmission method of the present invention, preferably, 
the beamforming is performed by multiplying each symbol to be transmitted by 
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a weight vector. 

In the signal transmission method of the present invention, preferably, 
the weight vector is an eigenvector feedback from a receiving end or a 
eigenvector calculated In a sending end. 

5 In the signal transmission method of the present invention, preferably, 

power of each symbol is adjusted by an eigenvalue. In this case, the eigenvalue 
is calculated In the sending end or feedback from the receiving end. 

To achieve at least these advantages in whole or in parts, there is 
further provided a signal transmission method for a mobile communication 

10 system using multiple antennas including the steps of: demultiplexing a symbol 
to be transmitted; receiving a weight vector from a receiving end; multiplying the 
demultiplexed symbol and the weight vector and performing a beamfonning on 
each symbol; and transmitting the beamformed signal through each transmit 
antenna. 

15 In the signal transmission method of the present Invention, preferably, 

the weight vector is an eigenvector. 

The signal transmission method for a mobile communication system 
further includes the steps of: receiving an eigenvalue from the receiving end; 
and adjusting power of each symbol by using the received eigenvalue. 

20 To achieve at least these advantages In whole or in parts, there is 

further provided a signal transmission method for a mobile communication 
system using multiple antennas including the steps of: demultiplexing a symbol 
to be transmitted; receiving a channel matrix from a receiving end; eigen- 
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decomposing the channel matrix and calculating an eigenvector and an 
eigenvalue; multiplying the demultiplexed symbol and the eigenvector and 
perfomning a beamforming on each symbol; and transmitting the beamformed 
signal through each transmit antenna. 
5 The signal transmission method of the present invention further 

includes: a step of adjusting power of each symbol by using the calculated 
eigenvalue. 

To achieve at least these advantages in whole or in parts, there is 
further provided a signal transmission apparatus for a mobile communication 
10 system using multiple antennas including: a multiplexer for demultiplexing 
sequentially inputted symbols; a beamforming unit for perfomning a 
beamfonming on each demultiplexed symbol in consideration of a conrelation 
between antennas; and a plurality of transmit antennas for transmitting the 
beamformed signals. 

15 The signal transmission apparatus for a mobile communication system 

of the present invention further includes: a vector estimation unit for estimating 
a transmit vector from collected signals by using a certain method; and a 
symbol detector for perfomning a beamforming on the estimated transmit vector 
and detecting a transmit symbol. 

20 In the signal transmission apparatus of the present invention, preferably, 

the certain method is a zero-forcing or a minimum mean square error (MMSE). 

The signal transmission apparatus for a mobile communication system 
of the present invention further includes: a channel estimation unit for estimating 
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a channel matrix from collected signals; and an eigen decomposition unit for 
eigen-decomposing the estimated channel matrix, calculating an eigenvector 
and an eigenvalue, and feeding them back to the sending end. 

In the signal transmission apparatus of the present invention, preferably, 
5 the beamfomning unit perfomris the beamfomriing by multiplying each symbol to 
be transmitted by a weight vector. 

In the signal transmission apparatus of the present invention, preferably, 
the weight vector is an eigenvector fedback from the receiving end or an 
eigenvector calculated in the sending end. 
10 In the signal transmission apparatus of the present invention, preferably, 

the beamforming unit adjusts power of each symbol by using the eigenvalue. In 
this case, the eigenvalue is calculated in the sending end or is fedback from the 
receiving end. 

To achieve at least these advantages in whole or in parts, there is 
15 further provided a signal transmission apparatus for a mobile communication 
system using multiple antennas including: a demultiplexer for demultiplexing 
sequentially inputted symbols; an eigen decomposition unit for eigen- 
decomposing a channel matrix fedback from a receiving end and calculating an 
eigenvector and an eigenvalue; a beamforming unit for calculating each 
20 eigenvector for each demultiplrxed symbol and perfomiing a beamforming on 
each symbol; and a plurality of transmit antennas for transmitting the 
beamformed signals. 

The signal transmission apparatus for a mobile communication system 
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of the present invention further includes: a vector estimation unit for estimating 
a transmit vector from the collected signals; a symbol detector for performing a 
beamforming on the estimated transmit vector and detecting a transmit symbol; 
and a channel estimation unit for estimating a channel matrix from the collected 
5 signals and feeding it to the sending end. 

In the signal transmission apparatus of the present invention, preferably, 
the beamforming unit adjusts power of each symbol by using an eigenvalue. 

Additional advantages, objects, and features of the invention will be set 
forth in part in the description which follows and in part will become apparent to 
10 those having ordinary skill in the art upon examination of the following or may 
be learned from practice of the invention. The objects and advantages of the 
invention may be realized and attained as particularly pointed out in the 
appended claims. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in detail with reference to the following 
drawings in which like reference numerals refer to like elements wherein: 

Figure 1 illustrates the construction of a MIMO system in accordance 
20 with a conventional art; 

Figure 2 is a flow chart of a signal processing method of the MIMO 
system in accordance with the conventional art; 

Figure 3 illustrates the construction of a signal transmission apparatus 
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for a mobile communication system using multiple antennas in accordance witli 
a first embodiment of ttie present invention; 

Figure 4 is a flow chart of a signal transmission method of Figure 3; 

Figure 5 illustrates the construction of a signal transmission apparatus 
5 for a mobile communication system using multiple antennas In accordance with 
a second embodiment of the present invention; 

Figure 6 is a flow chart of a signal transmission method of Figure 5; 

Figure 7 illustrates the construction of a signal transmission apparatus 
for a mobile communication system using multiple antennas in accordance with 
10 a third embodiment of the present invention; 

Figure 8 is a flow chart of a signal transmission method of Figure 7; and 

Figure 9 illustrates the construction of a signal transmission apparatus 
for a mobile communication system using multiple antennas in accordance with 
a fourth embodiment of the present invention. 

15 

MODES FOR CARRYING OUT THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be described 
with reference to the accompanying drawings. 
20 As afore-mentioned, in the conventional V-BLAST system, in the case 

that the M number of transmit antennas are used, the sending end generates a 
signal vector S having the M number of symbols and transmits the N number 
of symbols through each transmit antenna as shown in the below equation: 
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S= [-Si j'S2 9'^3> *" >*^yi/] 

In the conventional V-BLAST system, however, each antenna is 
operated simply as an independent channel without considering the correlation 
between antennas. That is, in the case of using the system using the 
5 dependence between antennas, the greater the conrelation between antennas, 
the more the gain is degraded. In such a case, the gain degradation caused due 
to the conrelation between antennas can be effectively prevented by also 
employing a method using the correlation between antennas. 

Thus, the present invention proposes a method for enhancing a system 
10 performance by also considering the correlation as well as the independence 
between antennas. For this purpose, in the present invention, paying attention 
to the fact that the sending end is constructed with an antenna anray, 
beamfonming is performed on each symbol before transmitting each symbol. In 
this case, the higher the congelation between antennas is, the more the gain 
15 obtained by perfomiing the beamfomiing is increased. 

Figure 3 illustrates the constmction of the signal transmission apparatus 
for a mobile communication system in accordance with a first embodiment of 
the present invention. 

As shown in Figure 3, a signal transmission apparatus for a mobile 
20 communication system in accordance with the first embodiment of the present 
invention includes: a dedemultiplexer 20 for demultiplexing sequentially inputted 
symbols; a beamforming unit 22 for perfomiing a beamforming on each 
demultiplexed symbol in consideration of a correlation between antennas; a 
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plurality of transmit antennas 50 for transmitting the beamformed signals; a 
plurality of receive antennas 60 for collecting signals transmitted from the 
transmit antennas 60; a vector estimation unit 24 for estimating a transmit 
vector from the collected from the transmit antennas 50; and a symbol detector 

5 26 for performing a beamforming on the estimated transmit vector and detecting 
transmission (Tx) symbols. 

The beamfonning unit 22 performs the beamforming by multiplying 
each symbol by a weight vector, and the symbol detector 26 performs the 
beamforming by multiplying the estimated transmit vector by a conjugate value 

10 of the weight vector which has been inner-producted to each symbol in the 
transmission end. 

The transmit vector estimation unit 26 estimates the transmit vector by 
using, the Icnown zero-forcing or the minimum mean square error (MMSE) 
method. 

15 The operation of the signal transmission apparatus for a mobile 

communication system in accordance with the first embodiment of the present 
invention will now be described with reference to Figures 3 and 4, 

To begin with, it Is assumed that there are provided the M number of 
transniit antennas 50 and the N number of receive antennas 60, and in this 
20 case, a channel matrix (^) is N x M matrix. 

When a to-be-transmitted symbol is inputted (step S10), the 
dedemultiplexer 20 demultiplexes the input symbols and outputs them to the 
beamforming unit 22. Then, the beamfonning unit 22 inner-products each 
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demultiplexed symbol by a weight vector to perfomi a beamforming on each 
symbol (steps 12). 

^ = VI^O, + W^Oj, + WjOj + • • • + W^fO^, (1) 

wherein w, is a weight vector, and 5 is a signal vector after perfomiing the 
5 beamfomiing. 

Accordingly, the plurality of transmit antennas independently transmit 
the beamfonned signals (signal vectorsO to the receiving end (step S14). 
Thereafter, the sending end checks whether every symbol has been transmitted 
(step S16). If there remains a symbol to be transmitted, the operations after the 
10 step S10 are repeatedly perfomied to perfonn the beamfomning on each symbol 

Signals transmitted from the sending end are collected through the 
receive antennas 60 of the receiving end (step S20). In this respect, however, 
since the signals transmitted from the sending end have undergone the 
15 beamfomiing process, the conventional V-BLAST signal processing can not be 
used in the receiving end. 

Thus, the vector estimation unit 28 of the receiving end estimates a 
transmission signal vector (transmit vector) by using the known zero-forcing or 
the minimum mean square en-or (MMSE) method (step S22). In such a case, 
20 estimation of the transmit vector by the zero-forcing and the MMSE method Is 
performed as follows: 

First, the signal (R) received by the receiving end can be expressed by 
the following equation (2): 



wo 03/081803 



PCT/KR03/00556 



19 

R = HS+n (2) 

wherein n indicates Additive White Gaussian Noise(AWGN). 

And the signal vector {§) estimating the transmission signal vector 
(transmit vector) ( ^ ) by using the zero-forcing can be expressed by the 
s following equation (3): 

S = ^"h!['h"R (3) 

wherein^ is a channel matrix and signifies a Hermitian operation. 

The signal vector (S) estimating the transmit vector (J) by using the 
l\/IMSE method can be expressed by the following equation (4): 

10 s = [xI+h"^'h"r (4) 

wherein a is a Signal-to-Noise Ratio (SNR), and / Is an identity matrix. 

After the beamforming is performed on each symbol and the transmitted 
signal vector {§) is estimated by using the zero-forcing or the MI\^SE method, 
the symbol detector 26 inner-products the signal vector (1) by the conjugate 

15 value of the weight vector which has been Inner-producted to each symbol and 
transmitted from the sending end (that is, perfomiing beamfomriing), and detects 
estimated symbols {s^J^J^, ••• J^) the transmit symbols (^,,^2,53, ••• ,5^ ). 
This can be expressed by the following equation (5): 

i (5) 
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In general, in the MIMO mobile communication system, the receiving 
end is aware of the modulation method used in the sending end. Thus, the 
symbol detector 26 recognizes positions of the estimated symbols 
(5,,52,53, ) from the constellation and finally detects the transmit symbols 

Thereafter, the receiving end checks whether every symbol has been 
detected (step S26), and if there still remains a symbol to be detected, the 
operations after the step S20 are repeatedly perfomned. 

As stated above, in the present invention, in the case that symbols are 
10 transmitted at one time suitably to the number of the transmit antennas, the 
beamforming is perfomned independently on each symbol and the signals are 
transmitted. 

The MIMO system can be implemented by two types of a frequency 
division duplex (FDD) system and a time division duplex (TDD) system. 
15 In the case of the FDD system, since the sending end can not 

recognize a mobile channel situation from the sending end to the receiving end, 
it is provided with a fonA^ard channel situation from the receiving end. Meanwhile, 
in the case of the TDD system, since the forward channel and a backward 
channel are the same, the sending end does not need to receive any channel 
20 information from the receiving end. 

There are two methods for calculating the weight vector in the sending 

end. 

The first method is that the sending end obtains a weight vector which 
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is to be inner-producted to each symbol by using a channel matrix (in the case 
of the TDD system), and the second method is that the sending end receives a 
weight vector from the receiving end (in the case of the FDD system). 

Figure 5 illustrates the construction of a signal transmission apparatus 
5 for a mobile communication system using multiple antennas in accordance with 
a second embodiment of the present invention. 

As shown in Figure 5, the signal transmission apparatus of the second 
embodiment of the present invention additionally includes a channel estimation 
unit 28 and an eigen decomposition unit 30. 
10 The channel estimation unit 28 estimates a channel matrix (2) from the 

signals collected from the plurality of receive antennas 60, and the eigen 
decomposition unit 30 performs a eigen-decomposition on the estimated 
channel matrix {H) to obtain an eigenvalue and an eigenvector, and then feeds 

back them to the beamfomiing unit 22. 
15 Then, the beamforming unit 22 of the sending end performs a 

beamfomiing on the symbols by using the eigenvector value as a weight vector, 
and at the same time, adjusts transmission power of each symbol in proportion 
to the eigenvalue. 

The operation will now be described in detail with reference to Figures 5 

20 and 6. 

To begin with, in the present invention, it is assumed that the M\MO 
system includes the M number of transmit antennas 50 and the N number of 
receive antennas 60, and the MIMO system is the FDD system. The matrix of 
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mobile communication channel a signal vector transmitted from the sending end 
passes through is H^, and the channel matrix (^) is an N x M matrix. In case 

that the sending end/the receiving end transmits a previously agreed pilot 
symbol or a separate pilot channel, the receiving end can estimate each 
5 component of the channel matrix (^) (step S30). 

Once the channel matrix {^) is estimated by the channel estimation 
unit 28, the eigen decomposition unit 24 performs an eigen<lecomposition of 
the channel matrix (^) to obtain an eigenvalue to be fedback and an 

eigenvector (step S31). 
10 In this connection, however, since the MIMO system of the present 

invention is assumed to have more receive antennas 60 (N) than the transmit 
antennas 50 (M), the channel matrix {H^) is not a square matrix. Thus, since the 
eigen decomposition unit 24 of the receiving end Is not able to eigen- 
decompose the channel matrix (W) itself, it perfomis an elgen-decomposltion of 

15 £^ X ^ . In this case, 'H' signifies the Hermitian operation. 

H^" => Ai£^ + A2e2 +A3£3^+-"+A^£^ (6) 

wherein A; Indicates eigenvalues of the matrix H^H , and indicates 
eigenvectors. 

The eigenvector {e^.e^.e^,^- ^e^) maintains an orthogonality. Thus, 

20 even though symbols as many as the transmit antennas are transmitted at one 
time, notably, the beamfomiing on each symbol is Independent. 
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After the eigenvalues ( \y^^2>^,y"'>^M ) ^"^1 the eigenvectors 

(61,^2,63, • • ,e^) are obtained, the eigen decomposition unit 24 feeds bacl< the 

corresponding values to the beamfonming unit 22 of the receiving end (step 
S32). 

5 Then, the beamforming unit 22 replaces the eigenvectors 

( £i^,£2,^,-" ) with weight vectors ( w^,w^,w^ ,''^,Wj^ ) to perfonn a 

beamforming on each symbol (step S33), and transmits the beamfomied signal 
through each transmit antenna 50. 

Unlike the conventional art in which the beamfomiing Is formed on each 
10 symbol to make signal power of each symbol the same and be transmitted, in 
the present invention, the beamforming unit 22 can adjust the power of each 
symbol according to the eigenvalues (^,,^2,^3 , • ) and transmits them. 

Operations after the step S33 are the same as those in the first embodiment of 
the present invention, descriptions of which are thus omitted. 

15 In the second embodiment of the present Invention, estimation of the 

channel matrix and eigen-decomposition of the channel matrix are all performed 
in the receiving end, but without being limited thereto, the eigen-decomposition 
can be also performed in the sending end. 

Figure 7 illustrates the construction of a signal transmission apparatus 

20 for a mobile communication system using multiple antennas in accordance with 
a third embodiment of the present invention. 

As shown In Figure 7. the signal transmission apparatus in accordance 
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With the third embodiment of the present invention has such a construction that, 
rather than both the channel estimation unit 28 and the eigen decomposition 
unit 30 are positioned in the receiving end, the channel estimation unit 28 is 
positioned in the receiving end while the eigen decomposition unit 30 is 

s positioned in the sending end. 

Accordingly, as shown in Figure 8, when the channel estimation unit 28 
of the receiving end estimates a channel matrix (^) and feeds it bacl< to the 
sending end (steps S40 and S41), as stated above, the eigen decomposition 
unit 30 of the sending end perfomis an eigen-decomposition of the xH to 

10 obtain eigenvalues (^1,^2,-13,, - ^Aj^) and eigenvectors {e^,e^e^,'' »e^) (step 
S42). 

Once the eigenvalues ( ^,^2,^^>'-y^M ) the eigenvectors 
( e^^e^.e^r" .^Af ) are obtained, the beamfomiing unit 22 replaces the 
eigenvectors {e^.e^e^r- with weight vectors { w^,w^,w^ , - s]^), perfonms 

15 a beamfomiing on each symbol (step S43), and transmits the beamformed 
signal through each transmit antenna 50 (step S44). Operations after the step 
S44 are the same as those in the second embodiment of the present invention, 
descriptions of which are thus omitted. 

In this manner, in the signal transmission apparatus for a mobile 

20 communication system adopted to the frequency division duplex (FDD) system, 
the weight vector to be Inner-producted to each symbol is received from the 
receiving end or only the channel matrix is Inputted fonm the receiving end, and 
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then, the corresponding channel matrix Is eigen-decomposed to calculate a 
weight vector. 

Thus, it can be said that the constructions of the signal transmission 
apparatuses as shown in Figures 5 and 7 are considered to be basically the 
5 same to each other but merely different depending on which infomnatlon is 
fed back. 

Figure 9 illustrates the constmction of a signal transmission apparatus 
for a mobile communication system using multiple antennas in accordance with 
a fourth embodiment of the present invention, adopting the FDD system. 

10 Refemng back to the TDD system, since the fonvard channel and the 

backward channel are the same to each other, the sending end does not need 
to receive any channel infomiation from the receiving end. Thus, in the fourth 
embodiment of the present invention, a channel estimation unit 34 for 
estimating a channel matrix and an eigen decomposition unit 30 for performing 

15 an eigen-decomposition are all positioned in the sending/receiving end. 

The channel estimation unit 34 of the sending end estimates a forward 
channel matrix {H) and the eigen decomposition unit 36 performs an eigen- 
decomposition of the estimated channel matrix {H) and obtains an eigenvalue 
and an eigenvector. 

20 Then, the beamforming unit 22 employs the obtained eigenvector as a 

weight vector, inner-products each symbol demultiplexed in the dedemultiplexer 
20 by the weight vector, performs a beamfomiing on each symbol and transmits 
them. The following operations are the same as those after the step S44, 
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descriptions of which are thus omitted. 

As so far described, in the MIIVIO system of the present invention, the 
beamforming is performed on each symbol using the correlation as well as the 
independence between antennas, and then the beamformed symbols are 
5 transmitted. 

Thus, unlil<e in the system using the independence between antennas 
as in the conventional art in which the signal gain is degraded as the correlation 
between antennas becomes great, in the present invention, both the correlation 
between antennas and the independence between antennas are all considered, 
10 so that the gain according to the congelation between antennas can be also 
obtained. 

In addition, the additional gain would lead to enhancement of the 
symbol detection capability of the sending end, resulting in that performance of 
the MIMO system can be remarl^ably heightened. 

15 The foregoing embodiments and advantages are merely exemplary and 

are not to be construed as limiting the present invention. The present teaching 
can be readily applied to other types of apparatuses. The description of the 
present invention is intended to be illustrative, and not to limit the scope of the 
claims. Many alternatives, modifications, and variations will be apparent to 

20 those skilled in the art. In the claims, means-plus-function clauses are intended 
to cover the structure described herein as performing the recited function and 
not only structural equivalents but also equivalent structures. 
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CLAIMS 

1. A signal transmission method for a mobile communication 
system using multiple antennas comprising the steps of: 

5 perfonming a beamfomning on a symbol; and 

transmitting the beamformed signal through a plurality of transmit 
antennas. 

2. The method of claim 1, wherein the beamforming is performed 
10 by multiplying each symbol by a weight vector. 

3. The method of claim 2. wherein the weight vector is an 
eigenvector fedback from a receiving end. 

15 4. The method of claim 2, wherein the weight vector is an 

eigenvector calculated in a sending end. 

5. The method of claim 1 , wherein each symbol is a demultiplexed 
symbol and its power is adjusted by an eigenvalue. 

20 

6. The method of claim 5, wherein the eigenvalue is calculated in 
the sending end or fed back from the receiving end. 
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7. A signal transmission method for a mobile communication 
system using multiple antennas comprising the steps of: 

receiving a weight vector from a receiving end; 
performing a beamfomiing by multiplying each symbol and a weight 
vector; and 

transmitting the beamformed signal through each transmit antenna. 

8. The method of claim 7, wherein the weight vector is an 
eigenvector. 

9. The method of claim 7 further comprising: 
receiving the eigenvalue from the receiving end; and 

adjusting power of each symbol by using the received eigenvalue. 

10. A signal transmission method for a mobile communication 
system using multiple antennas comprising the steps of: 

receiving a channel matrix from a receiving end; 

eigen-decomposing the channel matrix and calculating an eigenvector 
and an eigenvalue; 

performing a beamforming by multiplying each symbol and the 
eigenvector; and 

transmitting the beamformed signal through each transmit antenna. 
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1 1 , The method of claim 1 0 further comprising: 

adjusting power of each symbol by using the calculated eigenvalue. 



12. A signal transmission apparatus for a mobile communication 
5 system using multiple antennas comprising: 

a demultiplexer for demultiplexing sequentially inputted symbols; 
a beamfonming unit for performing a beamforming on each 
demultiplexed symbol; and 

a plurality of transmit antennas for transmitting the beamformed signals, 

10 

1 3. The apparatus of claim 1 2 further comprising: 

a vector estimation unit for estimating a transmit vector from the 
collected signals; and 

a symbol detector for performing a beamforming on the estimated 
15 transmit vector and detecting a transmit symbol. 



14. The apparatus of claim 12, wherein the vector estimation unit 
estimates the transmit vector by using a zero-forcing or a minimum mean 
square error (MMSE) method. 

1 5. The apparatus of claim 1 2 further comprising: 

a channel estimation unit for estimating a channel matrix from the 
collected signals; and 



wo 03/081803 



PCT/KR03/00556 



30 

an eigen decomposition unit for eigen-decomposing the estimated 
cliannel matrix and feeding hack an eigenvector and an eigenvalue to tlie 
sending end. 

16. The apparatus of claim 12, wherein the beamfonning unit 
performs the beamforming by multiplying each symbol to be transmitted by a 
weight vector. 

17. The apparatus of claim 16, wherein the weight vector is an 
eigenvector fedback from the receiving end. 

18. The apparatus of claim 16, wherein the weight vector Is an 
eigenvector calculated in the sending end. 

19. The apparatus of claim 12, wherein the beamfonming unit 
adjusts power of each symbol by using the eigenvalue. 

20. The apparatus of claim 19, wherein the eigenvalue is calculated 
in the sending end or fed back from the receiving end. 

21. A signal transmission apparatus for a mobile communication 
system using multiple antennas comprising: 

a demultiplexer for demultiplexing sequentially inputted symbols; 
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an eigen decomposition unit for eigen-decomposing a cliannel matrix 
fed back from a receiving end and calculating an eigenvector and an 

eigenvalue; 

a beamforming unit for perfomning a beamfomiing on each symbol by 
5 using the calculated eigenvector; and 

a plurality of transmit antennas for transmitting beamformed signals. 

22. The apparatus of claim 21 further comprising: 

a plurality of receive antennas for collecting transmitted signals; 
10 a vector estimation unit for estimating a transmit vector from the 

collected signals; 

a symbol detector for performing a beamforming on the estimated 
transmit vector and detecting a transmit symbol; and 

a channel estimation unit for estimating a channel matrix from the 
15 collected signals and feeding it back to the channel estimation unit. 

23. The apparatus of claim 21, wherein the beamforming unit 
adjusts power of each symbol by using an eigenvalue. 
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